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Quiz)

e KK-parity requires flat geometry.
Yes or No!?

N

- ® KK-parity forbids 5D fermion mass.
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UED

Appelquist, Cheng, Dobrescu 2001

® UED models are models with flat, compact extra
dimension, S'/Z3, in which all fields propagate.

® The SM is identified with the theory of lowest-
lying modes.
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UED

® Allowing only flat profiles in UED, I/R>0O(300) GeV is not
excluded by EWPT.

e UED is MFV (assuming no brane localized flavor asymmetric
operators). Flavor structure is given by Yukawa.

® A minimal version of UED (MUED) has few new parameters
hus easy to scan the parameter space. Brane localized
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® . but what’s the use of i

* UED does not solve any problem in the SM
except providing a new DM candidate, again,
thanks to KK-parity.
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Before considering

extension of MUED, KK-Pa rity

let’s consider

® /) reflection about the middle point of extra
dimension.

® A remnant symmetry of 5D translational
invariance, which is broken by end points (or fixed
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e KK-parity requires flat geometry.
Yes or No!
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e KK-parity requires flat geometry.
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Indeed, KK-parity can be defined
oh any symmetric space.

pull back

f—l

symmetric space / f \ flat space

g(y) = 9(—y) =l
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Indeed, KK-parity can be defined
oh any symmetric space.

pull back

f—l

symmetric space / f \ flat space

g(y) = g(—vy) =
disica gl Rl e cosloyl L sin oy ) e
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example spaces
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example spaces

Bubuzela space

Two Bubuzelas glued together, FIFA2010
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example spaces

Two throats warped space

Agashe, Falkowski, Low, Servant (2008)




example spaces
Flat UED

n=0, 2:even

n=1|:0dd

Puc=(-1)"




Interaction
allowed/forbidden

even even

L
//////////// £7<3< J/ﬂl;Ctylbel%ﬂlzbelMﬂ%©b€U€7l:7é‘3
Allowed

even
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Interaction
allowed/forbidden

even even

//////////// Sy(ac‘//‘ C&ylbetwwzﬁbevewz@beveTL:7é‘D
Allowed

even
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Minimal Extensions

Without introducing additional field contents
to UED, we can extend the model by
introducing following terms:

® Brane localized terms (Dim=5, 6) Carena,Tait, Wagner (2002)
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Bulk Mass

® Mgauge=0 : gauge symmetry. m5’(ZL¢R + (L e R)

® Mrermi#0 :Vectorlike mass term for fermion is not
forbidden by 5D Lorentz symmetry and gauge
symmetry. In principle, this term should be

- 1Nncitiaea 1N err ctTive theor\ DOINT OT view' LSRN .
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® KK-parity forbids 5D fermion
mass. Yes or No!
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® KK-parity forbids 5D fermion
mass. Yes or No!

and
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Dirac Bilinear is odd under the reflection thus KK
parity forbids KK-even mass allows KK-odd mass.
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Oy + m) [, =0
with “even mass” with “odd mass”
m(-y)=m(y) m(-y)=-m(y)
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Odd mass on orbifold

Ms(y) — Ms(—y) = —Ms5(y)
m(y)




Split UED

= —/d5a? p0 ()b

® With the odd bulk mass, chiral zero mode remains
massless but the profile of zero mode is

exponentially localized. féO}L = \/ _Ep Fuy
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<" Domain wall fermion

[-00,+ 00]
® A ‘trapped fermion’ exists in the presence of

domain wall in infinite extra dimension. It is
chiral (=massless). [domain wall fermion]
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Domain wall fermion
[-L,+L]

® A ‘trapped fermion’ still exists in the presence
of domain wall in finite extra dimension. It is
chiral (=massless). [domain wall fermion]
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Domain wall fermion
[-L,+L]

® There are two choices of BCs on orbifold.

(i) Dirichlet BC for growing mode.=> Domain wall fermion is physical zero mode
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Domain wall fermion
[-L,+L]

® There are two choices of BCs orbifold.

(i) Dirichlet BC for Domain wall mode.=> Growing mode is physical zero mode
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Domain wall fermion
[-L,+L]

® There are two choices of BCs orbifold.

(i) Dirichlet BC for Domain wall mode.=> Growing mode is physical zero mode
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When Dirichlet BC is imposed to L-handed
chirality (DL), R-handed chiral zero mode is ©0) \/ m

—ply|
the solution: R &
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Full KK spectra, DL

* M5=0 corresponds to UED.

*Chiral zero mode remains massless (n=0).

*KK mass spectrum of boson(fermion) is (not) equally spaced.

*n=| mode can be degenerate with the zero mode (ultra light mode) when mu is negative. If
positive, it will be heavy and approaches to n=2.
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1 1
Mtermi ™ mgauge

eSimilar to the conventional UED but details
depend on the bulk masses

o|f mu>0, LKP is the |5t KK boson

KK states will be seen at the LHC with 1/
R~TeV
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* The “superlight modes” looks like the
vectorlike 4™ generation

* Typically long lived. decay via KK gauge bosons
which are much heavier than fermions.

*KK tower is not seen at low energy. Not quite
looks like extra dimension..

el iR ae e e
I = R = 2

mi = 1TeV



0 1 1 2
Mfermi < mgauge < Mtermi ™~ Mfermi

* Tower of KK-gauge bosons appears well before
touching the first KK-fermion
esimilar to the case where only bosons are in the

bulk
*Collider signature?
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(«’\0’5\“ Flavor hierarchy in

split-UED + Localized Higgs

Csaki, Hubisz, Heinonen, SCP, Shu (arxiv:1007.0025)

® Ve might be more ambitious and try to address
Yukawa hierarchy problem.

® One way to get the hierarchical overlap with the

o
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Our model Higgs [split-UED’] Vi (H) =V_r(H) = M|H|* — v?)?
S = [ @Dy HPE — iy HP = sy + L)V (H) - 8y~ L)V ()

fermions Higgs
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Bound from K-K mixing

® No RS-GIM like mechanism works in UED so
that flavor bound is severe as we can expect.

~ 2 induced by flavor changing
CK ,.: OO eV ] o KK gluon* exchanges s
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RS to UED

Interpret UED as an effective description of
RS with two throats [a successful model of flavor]

*The remaining warping is minimal and
it is clear that this model will describe
exactly the same physics as the
complete warped XD, encapsulating RS-
GIM mechanism.

o[t is possible to reduce a warped
geometry to an approximately flat XD
by integrating our a large slice of the
warped XD. A new BLKO induced.

Sfermion o /de { %@FM?M\I}} IifL(S(y)
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Allowed range

eLarge BLKT allows rather low KK-scale (~ 5 TeV)
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Summary

® Split-UED allows 5D masses in a way of keeping KK-parity.
® Phenomenology becomes richer.

® Flavor hierarchy may be due to the non-flat profiles but
stringently constrained because of lack of RS-GIM like
mechanism.

@ Asaway out we suggest to regard UED as an effective theory
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Final exam)

e KK-parity requires flat geometry.
Yes or No!?

o KK-pa

" ' INO !

rity forbids 5D fermion mass.
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